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Description 

This invention relates to apparatus suitable for the preparation of emulsions of fuel oil in water, and to a 
method for the preparation of emulsions of fuel oil in water, 
s British Patent Specification GB-A-974042 describes "an improved fuel composition comprising an oil-in- 
water emulsion of a petroleum oil having a viscosity above 40 S.S.F at 122*F. (80 mPa.s at 50 'C), the 
amount of water in said emulsion being such that the emulsion has a viscosity of less than 150 S.S.F. at 
77" F. (300 mPa.s at 25* C) and the said oil comprising at least 60 volume percent of the emulsion." 

In the preparation of emulsions, the viscosity of the oil at the emulsification temperature is of 
w considerable importance in determining the particle size and particle size distribution of the oil droplets and 
hence the stability of the emulsion. 

Our European application EP-A-01 56486 discloses and claims a method for the preparation of HIPR 
(High Internal Phase Ratio) emulsions of viscous oils in water which method comprises directly mixing 70 to 
98% by volume of a viscous oil with 30 to 2% by volume of an aqueous solution of an emulsifying 
75 surfactant or an alkali, percentages being expressed as percentages by volume of the total mixture; 
characterised by the fact that the oil has a viscosity in the range 200 to 250,000 mPa.s at the mixing 
temperature and mixing is effected under low shear conditions in the range 10 to 1,000 reciprocal seconds 
in such manner that an emulsion is formed comprising highly distorted oil droplets having mean droplet 
diameters in the range 2 to 50 micron separated by thin interfacial films. 
20 These emulsions have a high degree of monodispersity, i.e. a narrow particle size distribution. 

European EP-A-01 56486 further discloses that these HIPR emulsions as prepared are stable and can 
be diluted with aqueous surfactant solution or water to produce emulsions of lower oil phase volume in 
which the desirable characteristics of the high degree of monodispersity and stability are retained. 

It is well known that the viscosity of an oil is a function of its temperature. Thus an oil which is suitable 
25 for emulsification by the above process at one temperature may not be suitable at another. 

Oils suitable for the production of fuel oil in water emulsions are often produced at various elevated 
temperatures. For example certain heavy crude oils, which do not require refinery processing, are extracted 
from the reservoir at elevated temperature. Residues from lighter crudes which have been subjected to 
refinery processing are also produced at various elevated temperatures. The viscosities of these oils as 
30 produced may or may not be suitable for use in the method according to EP-A-01 56486. 

Our European application EP-A-0214843 discloses a continuous method for the preparation of an 
emulsion of oil in water of desired composition. This method comprises initially preparing an HIPR emulsion 
of oil in water by directly mixing 70 to 98% by volume of a viscous oil with 30 to 2%, by volume of an 
aqueous solution of an emulsifying surfactant or an alkali, mixing being effected under low shear conditions 
35 in the range 10 to 1,000 reciprocal seconds in such manner that an emulsion is formed comprising distorted 
oil droplets having mean droplet diameters in the range 2 to 50 micron separated by aqueous films. The 
conductivity of the HIPR emulsion is then measured, the quantity of aqueous liquid to be added as diluent 
is determined and the HIPR emulsion is diluted with the required quantity of diluent. EP-A-0214843 does 
not describe any particular means for introducing the surfactant into the oil before emulsification. 
40 We have now devised a versatile apparatus for the preparation of emulsions of oil in water which is 
suitable for use in the preparation of emulsions from oils of a wide range of viscosities. 

Thus, according to the present invention there is provided apparatus for the preparation of emulsions of 
oil in water which apparatus comprises, 
a) an oil feed line, 
45 b) a source of concentrated surfactant solution, 

c) a source of water, 

d) a first low shear mixer for mixing concentrated surfactant and water to form a dilute surfactant 
solution, 

e) means for uniting the flows of dilute surfactant solution and oil in a controlled manner, comprising an 
so injection nozzle for the dilute surfactant solution projecting axially into the centre of the oil line so that a 

core of diluent surfactant solution flows within an annulus of the oil, 

f) a second low shear mixer for mixing the united flow streams of oil and dilute surfactant solution to form 
an emulsion of oil in water, 

g) a third low shear mixer for mixing the emulsion of oil in water to form a dilute emulsion, and an 
55 arrangement of 

h) water feed lines and control valves such that, firstly, water can be supplied either to the first low shear 
mixer only or, secondly, to both first and third low shear mixers. 
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In the first mode of operation the emulsion will be formed in one stage with the final concentrations of 
oil and water being determined by the initial proportions. 

In the second mode of operation, the emulsion will be formed in two stages with the emulsion of the 
first stage being diluted to a lower concentration of oil in water in the second stage. 
5 The first and third low shear mixers are preferably static mixers. These can have lower shear rates than 
the second low shear mixer. Suitable shear rates for the first and third low shear mixers are in the range 10 
to 250 reciprocal seconds. 

The second low shear mixer may be an inline blender, a static mixer, or a combination of both 
connected in parallel so that the oil and dilute surfactant solution can flow through either one or the other for 
70 emulsification. This confers even greater flexibility on the apparatus for dealing with differences in oil and 
water flow rates and oil viscosities. 

Suitable shear rates for the second low shear mixer are in the range 250 to 5,000 reciprocal seconds. 

The inline blender is preferably a vessel having rotating arms or beaters capable of rotating at 250- 
5,000 r.p.m. 

75 The dimensions of the nozzle and flow rates of oil and surfactant solutions should be chosen so that the 
flow rates of the oil annulus and the surfactant solution core are the same. 

Similar control means should also be provided for uniting the emulsion of oil in water from the second 
low shear mixer and the further quantity of water to form the dilute emulsion before entry to the third low 
shear mixer. 

20 Thus the apparatus may additionally comprise: 

(i) means for uniting the flows of the first stage emulsion and a further quantity of water in a controlled 
manner as hereinbefore described. 

The flow rates of the surfactant solution and water may be controlled by metering pumps, suitably of 
the piston kind. However, other types of pumps such as high pressure centrifugal pumps can be used 
25 provided a sufficiently accurate metering system is employed. 

The apparatus as a whole may be automated for continuous production by incorporating a flow 
transmitter in the oil feed line and linking this to the flow controllers on the surfactant and water flow lines. 

Because the feedstock oil is frequently produced at high temperatures, sometimes too high for 
emulsification, it is advisable to incorporate a first cooler in the apparatus in the oil feed line before the oil is 
30 blended with the dilute surfactant solution. This should be fitted with a bypass so that it may be used as 
and when required. 

When the oil is emulsified under superatmospheric pressure, it may be possible, and indeed desirable, 
to emulsify the oil at a temperature at which the emulsion is inherently unstable. If the emulsion were 
allowed to cool gradually it would destabilise. 
35 We have now discovered that if the emulsion is rapidly cooled, however, then it does not destabilise but 
retains its properties as a stable emulsion. 

A second cooler is therefore preferably provided in the emulsion product line downstream of the third 
low shear mixer. 

Thus the apparatus may further comprise: 
40 (j) an oil cooler situated in the oil feed line, and/or, 

(k) an emulsion cooler situated in the emulsion product line. 

The apparatus is suitable for preparing emulsions of either heavy oils or light oils in water. 
Thus, according to another aspect of the present invention there is provided a method for the 
preparation of an emulsion of an oil in water which method comprises the steps of: 
45 (i) mixing concentrated surfactant with water in a first low shear mixer to form a dilute surfactant solution, 

(ii) uniting a flow of oil having a viscosity in the range 25 to 250,000 mPa.s at the mixing temperature 
with the flow of dilute surfactant solution in a controlled manner utilising a nozzle for the dilute surfactant 
solution projecting axially into the oil line such that a core of surfactant solution flows within an annulus of 
the oil, the combined flow containing 60 to 98% by volume of oil, 

so (iii) passing the united flow of oil and dilute surfactant solution through a second low shear mixer in such 
a manner that an emulsion is formed comprising oil droplets surround by an aqueous film, the oil 
droplets having a mean droplet diameter in the range 2 to 50 urn., preferably 5 to 20 urn., and a high 
degree of monodispersity. 
If required the method further comprises: 

55 (iv) uniting the flow of the resulting emulsion with a further quantity of water in a controlled manner so 
that a core of water flows within an annulus of the emulsion, and 

(v) passing the united flow of emulsion and water through a third low shear mixer in such a manner that a 
diluted emulsion is formed comprising oil droplets in an aqueous medium, the oil droplets having a mean 
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droplet diameter in the range 2 to 50 urn. preferably 5 to 15 urn, and a high degree of monodispersity. 
The degree of monodispersity is preferably such that at least 60% of the volume of the oil droplets 
have a droplet diameter within ± 70%, most preferably within ± 30%, of the mean droplet diameter. 

If the viscosity of the oil at the emulsification temperature is above 200 mPa.s it will generally be found 
5 more convenient to use a two stage process, i.e. emulsification followed by dilution, to produce emulsions 
suitable for combustion. If the viscosity of the oil is below 200 m.Pa.s, then a one stage process, i.e. 
emulsification with no further dilution, will usually suffice. 

The final concentration of oil is preferably in the range 65 to 75% by volume. 

In a two stage process the concentration of oil in the first stage emulsion is preferably in the range 85 
w to 95% by volume and may be diluted to 60 to 75% in the second stage emulsion. 

Suitable oils for treatment include atmospheric and vacuum residues and visbroken oils and residues. 
Other oils which can be emulsified include the viscous crude oils to be found in Canada, the USA, 
Venezuela, and the USSR, for example, Lake Marguerite crude oil from Alberta, Hewitt crude oil from 
Oklahoma, and Cerro Negro crude oil from the Orinoco oil belt. 
15 Emulsifying surfactants may be non-ionic, ethoxylated ionic, anionic or cationic, but are preferably non- 
ionic. 

Suitable non-ionic surfactants are those whose molecules contain a hydrophobic, hydrocarbyl group and 
a hydrophiiic polyoxyalkylene group containing 9 to 100 ethylene oxide units in total. The preferred non- 
ionic surfactants are ethoxylated alkyl phenols containing 15 to 30 ethylene oxide units which are 
20 inexpensive and commercially available. 

An ethoxylated nonyl phenol containing about 20 ethylene oxide units is very suitable. 
Single surfactants are suitable and blends of two or more surfactants are not required. 
The surfactant is suitably employed in amount 0.5 to 5% by weight, expressed as a percentage by 
weight of the aqueous solution. 
25 The droplet size can be controlled by varying any or all of the three main parameters: mixing intensity, 
mixing time and surfactant concentration. Increasing any or all of these will decrease the droplet size. 

Emulsification can be carried out over a wide range of temperature, e.g. 20' to 250" C, the temperature 
being significant insofar as it affects the viscosity of the oils. Emulsification will generally be effected under 
superatmospheric pressure because of operating constraints. 
30 Emulsions of highly viscous fuel oils in water are frequently as much as three to four orders of 
magnitude less viscous than the oil itself and consequently are much easier to pump and require 
considerably less energy to do so. Furthermore, since the oil droplets are already in an atomised state, the 
emulsified fuel oil is suitable for use in low pressure burners and requires less preheating, resulting in 
further savings in capital costs and energy. 
35 Fuel oil emulsions produced according to the method of the present invention are of uniform high 
quality and burn efficiently with low emissions of both particulate material and NO x . This is an unusual and 
highly beneficial feature of the combustion. Usually low particulate emission is accompanied by high NO x , 
or vice versa. With a proper burner and optimum excess air the particulate emission can be reduced to the 
level of the ash content of the fuel whilst still retaining low NO x emissions. 

It is believed that this is a result of the small droplet size and high monodispersity of the emulsions 
which in turn are the result of the careful blending of the oil and surfactant immediately before emulsification 
to ensure that a flow of constant composition reaches the mixer, free from slugs of either component which 
would have the effect of unbalancing the composition of the emulsion. Such emulsions may be prepared by 
utilising apparatus hereinbefore described. 
45 The most important parameters affecting the combustion of the emulsion, apart from the quality of the 
emulsion itself, are the type of burner employed, the quantity of excess air used, and possibly the nature of 
the combustion chamber. 

Suitable burners include those containing pressure jet atomisers, steam atomisers and air atomisers. 
Suitable quantities of excess air are in the range 5 to 50%. preferably 5 to 20%. 
so The invention is illustrated with reference to Figures 1-3 of the accompanying drawings wherein Figure 
1 is a schemetic diagram of emulsifying equipment, Figure 2 is a detail of a nozzle for injecting surfactant 
solution into an oil line immediately before emulsification, and Figure 3 is an oil droplet particle size 
distribution curve. 

With reference to Figure 1 , oil is fed to the system through line 1 and through filter 2. It then passes 
55 through a flow transmitter 3 and optionally through a cooler 4 which can be by passed if necessary. The 
(cooled) oil is then united with dilute surfactant solution in an injector 5 illustrated in more detail in Figure 2. 

Concentrated surfactant solution is held in a storage tank 6 fitted with a heater 7. It emerges by line 8 in 
which the flow is controlled by a piston metering pump 9 and is united with water in line 10. 
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Water is held in a second storage tank 11 filled with a heater 12, although it can be supplied directly 
from the mains or other sources if desired. It emerges by line 13 in which the flow is controlled by a piston 
metering pump 14 and is combined with the flow of concentrated surfactant solution in line 10 before 
entering a static mixer 15 in which a dilute surfactant solution is formed which emerges by a continuation of 
5 line 10. 

The flow of oil and dilute surfactant solution from the injector 5 is then passed either to an inline blender 
16 or a static mixer 17 in which the oil and surfactant solution are emulsified to form a water in oil emulsion 
which is removed by line 18 and passed to a second injector 19. The inline blender 16 and static mixer 17 
are shown as both present and connected in parallel. Either could be present singly or as interchangeable 
w units. A second offtake of water is taken from tank 1 1 by line 20 in which the flow is controlled by a piston 
metering pump 21 and passed to the second injector 19 to be united with the flow of emulsion from either 
the inline blender 16 or the static mixer 17. 

The combined flow of emulsion and water is then passed by line 22 to a third static mixer 23 where the 
emulsion is diluted in a uniform manner. 
75 The diluted emulsion is optionally passed through a second cooler 24 which can be bypassed if 
necessary and removed as product by line 25. 

A branch line 26 is provided between water line 20 and the combined surfactant line and water line 10 
and a valve 27 is fitted in this line. A second valve 28 is fitted in water line 20 downstream of the branch 
line 26. 

20 When valve 27 is open and valve 28 is closed, all the water used passes through the inline blender 16 
or the static mixer 17 and the operation is a one stage process since there is no dilution of the emulsified 
product. 

When valve 27 is closed and valve 28 is open, the water is supplied in two stages, before and after 
emulsification. 

25 The flow transmitter 3 is linked with the metering pumps 9,14 and 21 to control the flows of surfactant 
and water relative to the flow of the oil so that the correct proportions are maintained. 

With reference to Figure 2, the oil line 1 and the dilute surfactant solution line 10 unite in a Y-piece 29 
which contains a nozzle 30 for injecting the surfactant solution from the line 10 into the centre of the oil 
flowline 1 and allowing oil to flow in the surrounding annutus. 
30 The ratio of the area of the annulus to the area of the core is the same as the ratio of the flow rate of 
the oil to the surfactant. Flow rates are adjusted so that the oil and surfactant solution emerge from the Y- 
piece as adjacent but separate laminar flows with the same rate of flow. 

The Y-piece 29 is shown connected to the static mixer 1 7. 

The invention is further illustrated with reference to the following Example. 

35 

Example 

The selected oil was a fluxed visbroken residue which had the following properties: 



S.G at95*C 




0.9699 


75' C 




0.9822 


70' C 




0.9853 


Dynamic viscosity at 95 • C 




143* mPa.s 


75- C 




452* 


70'C 




621* 


Ash content 




0.06% by wt 



* Measured at a shear of 1 ,000 reciprocal seconds 



The oil was emulsified using the apparatus described with reference to Figures 1 and 2 in a one-step 
process, i.e. without further dilution of the emulsion initially formed. 

Emulsification conditions were as follows: 
Surfactant : NP(EO>2o, i.e. a nonyl phenol ethoxylate containing 20 ethoxylate groups per molecule 
Oil flow rate : 280 kg/hr 
Surfactant solution flow rate : 1 20 kg/hr 
Speed of mixer blades : 2,500 rpm 
Temperature of mixing : 90 *C 
The resulting emulsion had the following properties: 
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S.G. at70*C 




0.9868 


Dynamic viscosity at 95 " C 




20 mPa.s* 


75' C 




33 mPa.s* 


Oil content 




30% by wt (nominal) 






30.4% wt (measured) 


Water content 




70% by wt (nominal) 


Surfactant concentration 




0.67% by wt of emulsion 



* Measured at a shear of 1 ,000 reciprocal seconds 



The particle size distribution of the oil droplets is given in the accompanying Figure 3. 
The base oil and emulsions were combusted in a suspended flame CCT FR10 burner at 5%, 20% and 
50% excess air. This burner is a steam atomiser. 
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Combustion conditions and results are given in the following Table. 
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The Table on pages 13 and 14 should be regarded as one continuous table, with the left side of page 
13 following directly on from the right hand of page 14. 

It will be noted that the solids emissions of the base fuel were very much higher than that of the 
emulsified fuel. The solids emission of the emulsified fuel were reduced to a value corresponding to the ash 
content of the fuel oil. 

At 5% excess air the N0 X content of the emissions from the base fuel was twice as much as that from 
the emulsion. At 20% excess air the difference is still marked. At 50% there is little difference and in 
practice this level of excess air is unlikely to be used because of the cooling effect it has on the flame. 
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Claims 

1. Apparatus for the preparation of emulsions of oil in water which apparatus comprises, 

a) an oil feed line (1), 

b) a source of concentrated surfactant solution (6), 
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c) a source of water (11), and 

d) a first low shear mixer (15) for mixing concentrated surfactant and water to form a dilute surfactant 
solution, 

e) means (5) for uniting the flows of dilute surfactant solution and oil in a controlled manner, 

5 f) a second low shear mixer (16, 17) for mixing the united flow streams of oil and dilute surfactant 

solution to form an emulsion of oil in water. 

g) a third low shear mixer (23) for mixing the emulsion of oil in water to form a dilute emulsion, and, 

h) an arrangement of water feed lines and control valves (27, 28) such that, firstly, water can be 
supplied either to the first low shear mixer (15) only or, secondly, to both first and third low shear 

10 mixers (15) and (23), 

characterised by the fact that the means (5) for injecting the flows of dilute surfactant solution and oil 
in a controlled manner comprises a nozzle for the dilute surfactant solution projecting axially into the 
centre of the oil line so that a core of diluent surfactant solution flows within an annulus of the oil. 

75 2. Apparatus according to claim 1 wherein the first and third low shear mixers (15, 23) are static mixers. 

3. Apparatus according to either of the preceding claims wherein the second low shear mixer is an inline 
blender (16) or a static mixer (17). 

20 4. Apparatus according to any of the preceding claims characterised by the fact that the apparatus 
additionally comprises, 

(i) means (19) for uniting the flows of the first stage emulsion and a further quantity of water in a 
controlled manner. 

25 5. Apparatus according to any of the preceding claims further comprising, 
(j) an oil cooler (4) situated across the oil feed line 1 . 

6. Apparatus according to any of the preceding claims further comprising, 

(k) an emulsion cooler (24) situated across the emulsion product line (25). 

30 

7. A method for the preparation of an emulsion of an oil in water which method comprises the step of, 

(i) mixing concentrated surfactant with water in a first low shear mixer to form a dilute surfactant 
solution, 

(ii) uniting a flow of oil having a viscosity in the range 25 to 250,000 mPa.s at the mixing 
35 temperature with the flow of dilute surfactant solution in a controlled manner utilising a nozzle for the 

dilute surfactant solution projecting axially into the oil line such that a core of surfactant solution 
flows within an annulus of the oil, the combined flow containing 60 to 98% by volume of oil, and 

(iii) passing the united flow of oil and dilute surfactant solution through a second low shear mixer in 
such a manner than an emulsion is formed comprising oil droplets surrounded by an aqueous film, 

40 the oil droplets having a mean droplet diameter in the range 2 to 50 u*m. and a high degree of 

monodispersity. 

8. A method according to claim 7 wherein the viscosity of the oil is below 200 mPa.s. 

45 9. A method according to claim 7 characterised by the fact that it comprises the further steps of, 

(iv) uniting the flow of the resulting emulsion with a further quantity of water in a controlled manner 
so that a core of water flows within an annulus of the emulsion, and 

(v) passing the united flow of emulsion and water through a third low shear mixer in such a manner 
that a diluted emulsion is formed comprising oil droplets in an aqueous medium, the oil droplets 

so having a mean droplet diameter in the range 2 to 50 urn, and a high degree of monodispersity. 

10. A method according to claim 9 wherein the viscosity of the oil is above 200 mPa.s. 

11. A method according to any of claims 7 to 10 wherein the mean droplet diameter is in the range 5 to 20 
55 urn.. 

12. A method according to any of claims 7 to 11 wherein the degree of monodispersity is such that at least 
60% of the volume of the oil droplets have a diameter within ± 70% of the mean droplet diameter. 
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13. A method according to claim 12 wherein the degree of monodispersity is such that at least 60% of the 
volume of the oil droplets have a droplet diameter within ± 30% of the mean droplet diameter. 

14. A method according to any of claims 9 to 13 wherein the concentration of oil in the first stage emulsion 
5 is in the range 85 to 95% by volume and in the range 60 to 75% by volume in the diluted emulsion. 

15. A method according to any of claims 7 to 14 wherein the surfactant is a non-ionic surfactant containing 
a hydrophobic, hydrocarbyl group and a hydrophilic polyoxyethylene group containing 9 to 100 
ethylene oxide units. 

10 

16. A method according to claim 15 wherein the surfactant is an ethyoxylated alkyl phenol wherein the 
polyoxyethylene group contains 15 to 30 ethylene oxide units. 

17. A method according to claim 16 wherein the surfactant is an ethoxylated nonyl phenol containing about 
75 20 ethylene oxide units. 

Patentanspruche 

1. Apparatur zur Herstellung von Emulsionen von 6l in Wasser, umfassend 
20 a) eine Ol-Speiseleitung (1), 

b) eine Quelle einer konzentrierten Tensid-Losung (6), 

c) eine Quelle von Wasser (11) und 

d) einen ersten Mischer (15) mit niedriger Scherung zum Vermischen der konzentrierten Tensid- 
Losung und des Wassers zur Bildung einer verdunnten Tensid-Losung, 

25 e) Mittel (5) zum Vereinigen der Strome der verdUnnten Tensid-Losung und des 6ls in gesteuerter 

Weise, 

f) einen zweiten Mischer (16, 17) mit niedriger Scherung zum Vermischen der vereinigten Strome 
des 6ls und der verdunnten Tensid-Losung zur Bildung einer Emulsion von Ol in Wasser, 

g) einen dritten Mischer (23) mit niedriger Scherung zum Vermischen der Emulsion von 6l in 
30 Wasser zur Bildung einer verdunnten Emulsion und 

h) eine Anordnung von Wasser-Speiseleitungen und Steuer-Ventiten (27, 28) in solcher Weise, da0 
Wasser entweder erstens nur dem ersten Mischer (15) mit niedriger Scherung oder zweitens sowohl 
dem ersten als auch dem dritten Mischer mit niedriger Scherung (15) und (23) zugefUhrt werden 
kann, 

35 dadurch gekennzeichnet, dafl das Mittel (5) zum Einspritzen der Strome der verdunnten Tensid-Losung 
und des £>!s in gesteuerter Weise eine Duse fur die verdunnte Tensid-Losung umfa/Jt, die axial in das 
Zentrum der Ol-Leitung hineinragt, so daB ein Kern der verdunnten Tensid-Losung innerhalb eines 
Rings des Ols fliefit. 

40 2. Apparatur nach Anspruch 1, worin der erste und der dritte Mischer mit niedriger Scherung (15, 23) 
statische Mischer sind. 

3. Apparatur nach einem der beiden vorhergehenden Anspruche, worin der zweite Mischer mit niedriger 
Scherung ein Inline-Mischer (16) oder ein statischer Mischer (17) ist. 

45 

4. Apparatur nach irgendeinem der vorhergehenden Anspruche, dadurch gekennzeichnet, dafl die Appara- 
tur zusatzlich (i) Mittel (19) zum Vereinigen der Strbrne der Emulsion der ersten Stufe und einer 
weiteren Menge Wasser in gesteuerter Weise umfaflt. 

50 5. Apparatur nach irgendeinem der vorhergehenden Anspruche, weiterhin umfassend 
G) einen 6l-Kuhler (4), der Uber der 6l-Speiseleitung (1) liegt. 

6. Apparatur nach irgendeinem der vorhergehenden Anspruche, weiterhin umfassend 

(k) einen Emulsions-Kuhler (24), der uber der Emulsions-Produktleitung (25) liegt. 

55 

7. Verfahren zur Herstellung einer Emulsion von 6l in Wasser, umfassend die Schritte 

(i) des Vermischens eines konzentrierten Tensids mit Wasser in einem ersten Mischer mit niedriger 
Scherung zur Bildung einer verdunnten Tensid-Losung, 
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(ii) des Vereinigens eines Stroms eines Ols mit einer Viskositat im Bereich von 25 bis 250 000 
mPa's bei der Mischtemperatur mit dem Strom der verdOnnten Tensid-Losung in gesteuerter Weise 
unter Verwendung einer DOse fOr die verdunnte Tensid-Losung, die axial in das Zentrum der Ol- 
Leitung hineinragt, so da0 ein Kern der verdOnnten Tensid-Losung innerhalb eines Rings des Ols 

5 flieflt, wobei der vereinigte Strom 60 bis 98 Vol.-% 6l enthalt, und 

(iii) des Hindurchleitens des vereinigten Stroms aus dem Ol und der verdOnnten Tensid-Losung 
durch einen zweiten Mischer mit niedriger Scherung in solcher Weise, da/3 eine Emulsion gebildet 
wird, die Ol-Tropfchen umfaflt, die von einem wa/Jrigen Film umgeben sind, wobei die Ol-Tropfchen 
einen mittleren Tropfchen-Durchmesser im Bereich von 2 bis 50 urn und einen hohen Grad der 

w Monodispersitat haben. 

8. Verfahren nach Anspruch 7, worin die Viskositat des Ols unterhalb von 200 mPa*s liegt 

9. Verfahren nach Anspruch 7, dadurch gekennzeichnet, da/3 es die weiteren Schritte 

75 (iv) des Vereinigens des Stroms der resultierenden Emulsion mit einer weiteren Menge Wasser in 

gesteuerter Weise, so da/3 ein Kern von Wasser innerhalb eines Rings der Emulsion flieCt, und 
(v) des Hindurchleitens des vereinigten Stroms aus der Emulsion und dem Wasser durch einen 
dritten Mischer mit niedriger Scherung in solcher Weise, da/3 eine verdunnte Emulsion gebildet wird, 
die Ol-Tropfchen in einem waflrigen Medium umfaflt, wobei die Ol-Tropfchen einen mittleren 

20 Tropfchen-Durchmesser im Bereich von 2 bis 50 um und einen hohen Grad der Monodispersitat 

haben, 
umfaflt. 

10. Verfahren nach Anspruch 9, worin die Viskositat des Ols unterhalb von 200 mPa's liegt. 

25 

11. Verfahren nach irgendeinem der AnsprOche 7 bis 10, worin der mittlere Tropfchen-Durchmesser im 
Bereich von 5 bis 20 um liegt. 

12. Verfahren nach irgendeinem der AnsprUche 7 bis 11, worin der Grad der Monodispersitat ein solcher 
30 ist, dafl wenigstens 60 % des Volumens der Ol-Tropfchen einen Durchmesser innerhalb von ±70 % 

des mittleren Trbpfchen-Durchmessers haben. 

13. Verfahren nach Anspruch 12, worin der Grad der Monodispersitat ein solcher ist, da/i wenigstens 60 % 
des Volumens der Ol-Tropfchen einen Durchmesser innerhalb von ±30 % des mittleren Tropfchen- 

35 Durchmessers haben. 

14. Verfahren nach irgendeinem der AnsprOche 9 bis 13, worin die Ol-Konzentration in der Emulsion der 
ersten Stufe im Bereich von 85 bis 95 Vol.-% und in der verdOnnten Emulsion im Bereich von 60 bis 
75 Vol.-% liegt. 

40 

15. Verfahren nach irgendeinem der AnsprOche 7 bis 14, worin das Tensid ein nicht-ionisches Tensid ist, 
das eine hydrophobe Kohlenwasserstoff-Gruppe und eine 9 bis 100 Ethylenoxid-Einheiten enthaltende 
hydrophile Polyoxyethylen-Gruppe enthalt. 

45 16. Verfahren nach Anspruch 15, worin das Tensid ein ethoxyliertes Alkylphenol ist, worin die 
Polyoxyethylen-Gruppe 15 bis 30 Ethylenoxid-Einheiten enthalt. 

17. Verfahren nach Anspruch 16, worin das Tensid ein ethoxyliertes Nonylphenol ist, das etwa 20 
Ethylenoxid-Einheiten enthalt. 

50 

Revendi cations 

1. Appareil pour la preparation d'emulsions d'huile dans I'eau. qui comprend : 
a) un conduit d'alimentation en huile (1), 
55 b) une source de solution de surfactant concentree (6), 

c) une source d'eau (1 1 ), et 

d) un premier m^langeur a faible cisaillement (15) pour le melange du surfactant concentre* et de 
I'eau pour former une solution de surfactant diluee, 
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e) des moyens (5) pour associer les courants de solution de surfactant diluee et de I'huile de 
maniere regulee, 

f) un deuxieme melangeur a faible cisaillement (16, 17) pour le melange des courants associes 
d'huile et de solution de surfactant diluee pour former une emulsion d'huile dans I'eau, 

5 g) un troisieme melangeur a faible cisaillement (23) pour le melange d'emulsion d'huile dans I'eau 

pour former une emulsion diluee, et 

h) un dispositif de conduits d'alimentation en eau et de robinets de regulation (27, 28) tel que, 
premierement, de I'eau puisse etre amenee seulement au premier melangeur a faible cisaillement 
(15) ou, deuxiemement, a des premier et troisieme melangeurs a faible cisaillement (15 et 23), 
w caracterise par le fait que les moyens (5) d'injection des courants de solution de surfactant dilute 

et d'huile de maniere regulee comprennent une buse pour la solution de surfactant diluee se projetant 
axialement dans le centre du conduit d'huile de telle sorte qu'un volume central de solution de 
surfactant diluee s'ecoule a I'interieur d'un volume annulaire de I'huile. 



75 2. Appareil suivant la revendication 1 , dans lequel les premier et troisieme melangeurs a faible cisaille- 
ment (15, 23) sont des melangeurs statiques. 

3. Appareil suivant Tune ou I'autre des revendications precedentes, dans lequel le deuxieme melangeur a 
faible cisaillement est un melangeur en ligne (16) ou un melangeur statique (17). 

20 

4. Appareil suivant Tune quelconque des revendications precedentes, caracterise par le fait que I'appareil 
comprend en outre 

(i) des moyens (19) pour associer les courants de I'emulsion de la premiere etape et d'une quantite 
supplementaire d'eau de maniere regulee. 

25 

5. Appareil suivant Tune quelconque des revendications prdcedentes, comprenant en outre : 

(j) un refroidisseur d'huile (4) situe en travers du conduit d'alimentation en huile (1). 

6. Appareil suivant Tune quelconque des revendications precedentes, comprenant en outre : 

30 (k) un refroidisseur d'emulsion (24) situe* en travers du conduit de produit en Emulsion (25). 

7. Procede de preparation d'une emulsion d'une huile dans I'eau, qui comprend les etapes consistant : 

(i) a melanger un surfactant concentre a de I'eau dans un premier melangeur a faible cisaillement 
pour former une solution de surfactant diluee, 

35 (ii) a associer un courant d'huile ayant une viscosite de 25 a 250 000 mPa.s a la temperature de 

melange au courant de solution de surfactant diluee de maniere regulee au moyen d'une buse pour 
la solution de surfactant diluee se projetant axialement dans le conduit d'huile de telle sorte qu'un 
volume central de solution du surfactant s'ecoule a I'interieur d'un volume annulaire de I'huile, le 
courant mixte contenant 60 a 98 % en volume d'huile, et 

40 (iii) a faire passer le courant mixte d'huile et de solution de surfactant diluee a travers un deuxieme 

melangeur a faible cisaillement d'une maniere telle qu'il soit forme une emulsion comprenant des 
gouttelettes d'huile entourees par un film aqueux, les gouttelettes d'huile ayant un diametre moyen 
de gouttelettes de 2 a 50 urn et un haut degre de monodispersite. 

45 8. Procede suivant la revendication 7, dans lequel la viscosite" de I'huile est inferieure a 200 mPa.s. 

9. Procedd suivant la revendication 7, caracterise par le fait qu'il comprend les etapes supplementaires 
consistant 

(iv) a associer le courant de I'emulsion resul tante a une quantite supplementaire d'eau de maniere 
so regulee de telle sorte qu'un volume central d'eau s'ecoule a I'interieur d'un volume annulaire de 

I'emulsion, et 

(v) a faire passer le courant mixte d'emulsion et d'eau a travers un troisieme melangeur a faible 
cisaillement de telle maniere que soit formee une emulsion diluee comprenant des gouttelettes 
d'huile dans un milieu aqueux, les gouttelettes d'huile ayant un diametre moyen de gouttelettes de 2 

55 a 50 urn et un haut degre de monodispersite. 

10. Procede suivant la revendication 9, dans lequel la viscosite de I'huile est superieure a 200 mPa.s. 
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11. Procede suivant Tune quelconque des revendications 7 a 10, dans lequel le diametre moyen des 
gouttelettes va de 5 a 20 urn. 

12. Proc£de* suivant Tune quelconque des revendications 7 a 11, dans lequel le degre de monodispersite* 
est tel qu'au moins 60 % du volume des gouttelettes d'huile possedent un diametre dans les limites de 
t 70 % du diametre moyen des gouttelettes. 

13. Proc£d§ suivant la revendication 12, dans lequel le degre* de monodispersite* est tel qu'au moins 60 % 
du volume des gouttelettes d'huile possedent un diametre des gouttelettes dans les limites de ± 30 % 
du diametre moyen des gouttelettes. 

14. ProcSde* suivant Tune quelconque des revendications 9 a 13, dans lequel la concentration d'huile dans 
I'emulsion de la premiere etape est comprise dans Pintervalle de 85 a 95 % en volume et celle dans 
Emulsion dilute est comprise dans I'intervalle de 60 k 75 % en volume. 

15. ProcSde* suivant Tune quelconque des revendications 7 a 14, dans lequel le surfactant est un surfactant 
non ionique contenant un groupe hydrocarbyle hydrophobe et un groupe polyoxyethylene hydrophile 
renfermant 9 a 100 motifs oxyde d'ethylene. 

16. Procede* suivant la revendication 15, dans lequel le surfactant est un alkylphSnol Sthoxyle" dans lequel 
le groupe polyoxyethylene contient 1 5 a 30 motifs oxyde d'ethylene. 

17. Procede suivant la revendication 16, dans lequel le surfactant est un nonylphenol ethoxyle contenant 
environ 20 motifs oxyde d'ethylene. 



EP 0 301 766 B1 




14 



EP 0 301 766 B1 




EP 0 301 766 B1 




(%) BWniOA IVIiTOdJIQ 



16 



